Presently, silicon photonics requires photodetectors that are sensitive in a broad infrared range, can operate at room temperature, and are suitable for integration with the existing Si 
I. INTRODUCTION
Presently, there is need for overcoming the bottleneck in the processing of the huge volume of data transmitted over the traditional telecommunication wavelengths around 1.3 µm and 1.5 µm [1, 2] . Extending the spectral range from the near infrared (NIR) (from ~0.8 to ~2 µm) to the mid-infrared (MIR) (from ~2 to 25 µm) [3] has been proposed as a viable route for solving this setback [4] [5] [6] . Si-based photodetectors, compared with III-V (e.g. InSb) or HgCdTe infrared ones, satisfy the demand for cost-effective and environmental friendly solutions, and enable the development of on-chip complementary-metal-oxide-semiconductor (CMOS)-compatible photonic systems [5, 7, 8] . However, their photoresponse is fundamentally limited in the visible and near infrared spectral regime owing to the relatively large band gap of Si (1.12 eV, λ= 1.1 μm). Therefore, the room-temperature broadband infrared detection is of great interest in the realm of silicon photonics. Particularly, hyperdoped Si materials are on the spotlight of present-day investigations due to their superior optoelectronic properties (e.g. the highest absorption coefficient (10 4 cm −1 ) ever obtained for Si in the infrared range, which is comparable to that of intrinsic Ge) after incorporating certain concentration and type of dopants [9] . More recently, hyperdoping has successfully been extended to nanostructured Si such as nanowires and nanocrystals [10, 11] where localized surface plasmon resonances [12] and sub-bandgap optoelectronic photoresponse have been demonstrated [13] . This new type of material also excels Si/Ge [14] and Si/III-V semiconductor heterostructures [15] from the standpoint of fabrication [16] .
However, extrinsic IR photodetectors based on Si with dopants of group III (B, Al and Ga) and V (P, As and Sb) can only operate at temperatures below 40 K [7, [17] [18] [19] , since the introduced shallow-dopant levels within the Si band-gap are thermally ionized at room temperature.
Alternatively, Si photodetectors that make use of deep level dopants (with a much higher thermal ionization energy), such as Ti, Ag, Au, S and Se [20] [21] [22] [23] [24] [25] , are effective for strong room-temperature photoresponse, extending well in the infrared range [23, 24, 26, 27] . The extended photoresponse has been demonstrated to be associated with known dopant deepenergy levels within the Si band-gap. However, less attention has been paid to the optoelectronic photoresponse of Te-hyperdoped Si [28] . [29, 30, 32, 33] . (Color online) In this work, we report on the realization of single-crystalline and epitaxial hyperdoped Si with Te concentrations as high as 10 21 cm -3 by ion implantation combined with pulsed laser melting (PLM). The observed quasi-metallic behavior is driven by increasing Te concentration. Te-hyperdoped Si p-n photodiodes exhibit a remarkably broad spectral range down to 3.1 µm at room temperature with an enhanced optoelectronic photoresponse compared to the Au-hyperdoped Si-based photodetectors [23] . This work points out the potential of Si hyperdoped with Te for room-temperature infrared detection as the new generation of Si-based photonic systems. The conductivity type, carrier concentration and carrier mobility of the PLM-treated Tehyperdoped layers were measured by a commercial Lake Shore Hall measurement system in a van der Pauw configuration [38] under a magnetic field perpendicular to the sample plane.
II. EXPERIMENTAL DETAILS
The magnetic field was swept from -4 T to 4 T. The gold electrodes were sputtered onto the four corners of the square-like samples. The native SiO 2 layer was removed by HF etching prior to the sputtering process. Next, a silver conductive glue paste was used to contact the wires to the gold electrodes. All contacts were confirmed to be ohmic by measuring the current-voltage curves at different temperatures. A vacuum pump was used to avoid moisture condensation at low temperatures [22] . A SiC glowbar infrared source coupled to a TMc300 Bentham monochromator equipped with gratings in Czerny-Turner reflection configuration were used. The incident 1.5 cm × 3 cm light spot, spatially homogeneous in intensity, was used to study the spectral photoresponse of the device. The system was calibrated with a Bentham pyrometric detector. The short-circuit photocurrent between the top and botton contacts was measured with a SR830 DSP lock-in amplifier. For all the measurements, the infrared light from the SiC source was mechanically chopped at 87 Hz before entering the monochromator. Si samples is around 70%, higher than that of Se in Si [40] .
III. EXPERIMENTAL RESULTS

A. Structural Properties
B. Electrical characterization
Electrical measurements were made to investigate the transport properties of the PLM- To further analyze the rectifying behaviour, the dark IV curve was fitted to a single-diode model [49] using:
where 0 is the saturation current, is the electron charge, is the temperature, is the ideality factor and k B is the Boltzmann constant. V and I are the total voltage and current whereas and ℎ are the series and parallel resistances, respectively. Hence, , ℎ , 0 and were found to be 6.4 , 850 , 68 µA and 2.2, respectively. The deduced series resistance value is in agreement with the calculated series resistance, = , assuming a wafer resistivity of =1-10 cm, a wafer thickness of =380 µm and an electrode area of A=0.068 cm 2 . This confirms the ohmic character of the contacts. On the other hand, an ideality factor of 2.2 suggests i) the existence of a p-n junction rather than a metalsemiconductor junction, in which the ideality factor is expected to be 1 [50] and ii) that the main conduction mechanism is ascribed to a recombination/generation process of carriers in the depletion region of the p-n photodiode [49] . Therefore, the observed rectifying behaviour The Te-hyperdoped Si p-n photodiode shows a strong sub-bandgap responsivity down to 0.3 eV in the whole temperature range. At room-temperature, the Te-hyperdoped Si p-n photodiode exhibits a responsivity of around 10 -4 AW -1 at the two telecommunication optical wavelengths (1.3 µm and 1.5 µm), whereas the responsivity at photon energies below 0.9 eV of a commercial Si PIN photodiode reaches the noise floor as expected. The measured responsivity of 10 -4 AW -1 is comparable to the ones reported for hyperdoped Si-based photodiodes [23] and solar cells [51] at the corresponding wavelengths. Moreover, the external quantum efficiency (EQE) at 1.3 µm and 1.5 µm is 2×10 -4 and 8×10 -5 , respectively, as estimated by:
where ℎ is the spectral responsivity (i.e. the ratio of the electrical output to the optical input.), λ is the wavelength in nm, h is the Planck constant, c is the speed of light in vacuum, and e is the elementary charge. The estimated EQE values are comparable to other deep level impurity-hyperdoped Si photodiodes [23, 27] . close to the optical transition edges was assumed. The sub-bandgap optical transitions can therefore be derived by the Tauc method using the following modified expression:
where ℎ is the photon energy, is a constant, E g stands for the Si bandgap and would 
IV. DISCUSSION
We discuss on the origin of the sub-bandgap photoresponsivity at room-and low- ii) In the low-temperature range (160 K to 60 K), the thermal carrier generation is then suppressed by the freeze-out effect [52] . This leads to a ratio of thermal to optical carrier generation low enough that allows for a measurable photoresponsivity band arising from the IB to the CB (process I) at E L = 0.33±0.01 eV (FIG. 5(f) ). Likewise, the transition from the IB While the high-quality hyperdoped Si material platform is established, further efforts must be destined towards an advanced device design to boost the device efficiency of this prototype of photodiode. This can be achieved by designing a top electrode with narrower fingers and gaps that helps to enhance the carrier collection efficiency. An antireflection coating layer in conjunction with a passivation layer might also help to improve the efficiency.
V. CONCLUSION
The possibility of generating photocarriers at room temperature using sub-bandgap radiation in high-quality single-crystal Si films doped with Te concentrations greater than the 
